S
uicide is the most serious psychiatric adverse event. Age-adjusted suicide rates in the US population increased between 1999 and 2014 from 10.5 per 100 000 to 13.0 per 100 000 per year. 1 Notably, suicide rates increased by 43% during this time period among men aged 45 to 64 years. This increase in suicide deaths occurred in parallel with a large increase in drug overdose deaths, especially those involving opioids. The age-adjusted rate of opioid analgesic poisoning deaths in the United States nearly quadrupled, from 1.4 per 100 000 in 1999 to 5.4 per 100 000 in 2011. 2 These deaths are correlated with the increased use of prescription opioid therapy during this time, primarily to treat chronic nonmalignant pain. 3 Studies have shown that individuals with chronic pain are at higher risk for mental health disorders 4 and suicide, 5 and nearly all psychiatric disorders have been shown to increase suicide risk. 6 Individuals with mental health and substance use disorders are also more likely to receive opioids for chronic pain, 7, 8 with prior studies demonstrating increased rates of chronic prescription opioid therapy among those with depression, 7 posttraumatic stress disorder (PTSD), 9 substance use disorders, 8 and borderline personality disorder. 10 Whereas trends in unintentional opioid overdose deaths have been well described, [11] [12] [13] the role of opioids in suicide has received less attention. A few studies have investigated prescription opioid use and suicide. In an analysis of National Survey on Drug Use and Health (NSDUH) data, suicidal ideation was higher among respondents with past-year prescription opioid misuse 14 16 Using National Vital Statistics death certificate data, we report national trends in completed suicides in which opioid poisoning was listed as a contributing cause of death. Specifically, we sought to answer the following questions: (1) What percentage of suicides included opioid poisoning as a contributing cause of death? (2) Did rates of suicides involving opioids increase from 1999 through 2014?
METHODS
We obtained data from the Centers for Disease Control and Prevention's (CDC) National Center for Health Statistics 1999-2014 multiple-cause-of-death mortality files, via multiple queries of the WONDER online database.
17 Each record contains information on demographics, whether an autopsy report was used to complete the death certificate, place of death, 1 primary underlying cause of death, and up to 19 additional contributing causes of death (included in the multiplecause-of-death field). We analyzed data limited to deaths among those aged 15 years and older and categorized as suicide on the basis of the following International Classification of Diseases, Tenth Revision (ICD-10) 18 codes as the underlying cause of death: U03, X60 through X84, and Y87.0. We examined opioids as a contributing cause of death rather than focusing on underlying cause of death because multiple factors can contribute to suicide death, such as a multidrug overdose or hanging in the context of intoxication. To define suicide with opioid poisoning as a contributing cause of death, we further limited analyses to those cases with 1 or more of the following ICD-10 codes in the multiple-cause-of-death field: T40.0 (opium), T40.1 (heroin), T40.2 (other opioids), T40.3 (methadone), and T40.4 (other synthetic narcotics). We further limited certain analyses to specific age groups, gender, race, and census region. We also looked separately at rates of injuries with opioid poisoning of undetermined intent (ICD-10 diagnosis of Y10-Y33) listed as the underlying cause of death. We calculated age-adjusted rates by the direct method, using the 2000 census as the standard population. 19 We also calculated the percentage of all suicides that included opioid poisoning as a contributing cause of death for each year. We evaluated trends in age-adjusted death rates and percentage of suicides including opioid poisoning using the Joinpoint Regression Program, version 4.3.1.0 (National Cancer Institute, Calverton, MD). Joinpoint fits the simplest Joinpoint model that the trend data allow using a Monte Carlo Permutation method. 20 This allows for the calculation of an annual percentage change (APC) for each Joinpoint segment, thus denoting differing rates of change in disease trends over smaller subsets of a larger time period. The P value for a 2-sided test in which the true APC is zero is calculated on the basis of a t distribution. The Joinpoint Regression Program also calculates an average annual percentage change (AAPC) for the entire time period selected. We set the significance level at P < .05.
RESULTS
Between 1999 and 2014, there were 20 917 deaths identified as suicides with opioid poisoning listed on the death certificate as a contributing cause of death (Table 1) . In most of these deaths, an autopsy report was known to have been used to complete the death certificate (65.6%), the underlying cause of death was poisoning (97.3%), and the place of death was the decedent's home (67.1%). In a little more than half (54.7%) of the deaths, the underlying cause of death was an unspecified poisoning. Intentional self-poisoning by narcotics and hallucinogens (the category that includes opioids) was listed as the underlying cause of death in 41.3% of cases. 
Age-Adjusted Suicide Death Rates and Proportion Involving Opioids
The annual age-adjusted death rate for suicides with opioid poisoning listed as a contributing cause of death increased from 0.3 per 100 000 population in 1999 to 0.7 per 100 000 in 2009 (APC = 8.1%; P < .001), and remained at 0.6 to 0.7 per 100 000 through 2014 (Table 2) . Similarly, the percentage of all suicides that had opioid poisoning listed as a contributing cause of death increased from 2.2% in 1999 to 4.4% in 2010 (for 1999-2002, APC = 13.6%; for 2002-2008, APC = 5.3%; P < .001) and remained relatively stable after that. The AAPC in suicide rates by sociodemographic category ranged from 4.3% (South) to 7.1% (Midwest) per year between 1999 and 2014. Age-adjusted death rates were similar for men and women, higher among Whites than non-Whites, and higher in the Western census region (Table 3 ).
Suicide Death Rates by Age Group
Crude rates for suicide deaths with opioid poisoning listed as a contributing cause of death are depicted by 10-year age group in Figure 1 . Rates were highest for individuals aged 45 to 54 years. The trend was significant for increasing suicide rates between 1999 and 2008 for all age groups (Table A, available as a supplement to the online version of this article at http://www.ajph.org). The largest absolute increase in suicide rates was observed for those aged 55 to 64 years; rates in this age group increased from 0.3 per 100 000 in 1999 to 0.9 per 100 000 in 2008, then to 1.2 per 100 000 in 2014 (for 1999-2008, APC = 13.9%; 95% CI = 10.6%, 17.3%; for 2008-2014, APC = 3.7%; 95% CI = 0%, 7.5%).
Sensitivity and Other Analyses
Limiting analyses to only suicides with poisoning as the underlying cause of death, and opioid poisoning as a contributing cause of death, slightly reduced the absolute number of suicides (n = 20 410) and the age-adjusted rate (from 0.3 per 100 000 in 1999 to a peak of 0.5 per 100 000 in 2006). Limiting analyses to suicides with only prescription opioid poisoning as a contributing cause of death decreased the absolute number of deaths by 473 but did not change the age-adjusted rates. To evaluate possible sources of misclassification of suicides with opioid involvement, we examined suicides with unspecified drug poisoning listed as a cause of death, and deaths of undetermined intent in which opioid poisoning was listed as a contributing cause of death. A total of 49 456 suicides had unspecified drug poisoning listed as a contributing cause of death (ICD-10 code T50.9); in 34 203 suicides-6.15% of all suicides for the 1999-2014 time period-unspecified drug poisoning was listed as the only cause of death (ICD-10 codes X64 [underlying cause] and T50.9). Similar to suicides with opioid poisoning as a contributing cause of death, age-adjusted rates of injuries of undetermined intent with opioid poisoning listed as a contributing cause of death increased from 0.3 per 100 000 in 1999 to a peak of 0. 
DISCUSSION
To our knowledge, this is the first report investigating national trends in rates of suicides involving opioids. Our analysis of National Vital Statistics data demonstrates a small but significantly increasing presence of opioids as a contributing cause of death in suicides. This is especially apparent for middle-aged Americans, among whom opioid-related suicides appear to have quadrupled. Age-adjusted suicide rates increased, as did the percentage of all suicides in which opioids were a contributing cause of death, and this increase was greatest between 1999 and 2009. Previous research has documented a dose-dependent increased risk of unintentional overdose and death among patients treated with long-term opioid therapy for chronic pain. 21 Our analyses suggest increased involvement of opioids in intentional overdose and suicide as well.
We were unable to determine the source of the opioids from this data; however, this increase in suicide death rates parallels increases in opioid prescribing. The number of opioid prescriptions dispensed by retail pharmacies increased from 116 million in 1999 to 219 million in 2011, 22 and the percentage of adults reporting prescription opioid use in the prior 30 days increased from 23 In parallel with a recent report on the increase of suicide death rates overall, 1 we found that rates of suicides with opioids increased most significantly among individuals aged 45 to 64. The increase in suicides with opioids as a contributing cause of death observed in our study also parallels increases in drug poisoning deaths overall and those that specifically involve opioids.
2,11
Demographic differences observed in rates of suicide involving opioids are likely influenced by multiple factors, including state-to-state variability in death certificate completion, 24 demographic trends in suicides overall, 6 and the availability of opioids. We found that rates of suicide with opioid poisoning as a contributing cause of death increased over the time period examined regardless of age, gender, race, or geographic region, but they were higher overall among Whites than non-Whites and in the West than in other census regions. In general, suicide rates tend to be higher for non-Hispanic Whites relative to Blacks and Asians or Pacific Islanders. 6 Several studies have found lower opioid prescribing rates among Blacks than Whites. 25 Drug poisoning rates in general have been reported to be higher in the West and Northeast, 11 and drug poisoning deaths involving opioid analgesics, specifically, have been higher among non-Hispanic Whites relative to non-Hispanic Blacks. 2, 13 The rates of suicide with opioid involvement reported in our study are likely to be an underestimate of self-injury with opioids. Suicides are believed to be undercounted on death certificates, in part because of constraints on medical examiners and coroners in the determination of a death as suicide. 24 
Impulsivity
6 and impaired decision-making 26 have been associated with suicidal behavior, and suicide attempters have been shown to have increased mortality from accidental and undetermined causes, in addition to subsequent completed suicide. 27, 28 Some researchers have proposed a new class of death-drug self-intoxication-that encompasses suicides as well as a proportion of such deaths deemed unintentional or of undetermined intent. 24 Of note, we found that deaths with undetermined intent in which opioids were a contributing cause of death increased at a rate similar to that of suicides.
Opioids could potentially be a risk for suicide, as well as a means of suicide. Prior research has shown that more than 90% of those who die by suicide had a diagnosable mental disorder at the time of death. 6 Individuals with a history of depression 7 and PTSD 9 are more likely to receive prescription opiates for chronic pain, in higher doses, and for longer periods of time. Hence, our results may reflect increasing access to opioids among a population at higher risk for suicide. Similarly, individuals with past or current substance use disorders 8 and those with borderline personality disorder 10 are more likely to receive prescription opioids for pain conditions. These individuals are at higher risk for suicide behaviors 6, 29 and, in particular, impulsive acts. Regardless of intention, opioids have high potential lethality in overdose. 21 Lastly, opioids may lift mood in the short term but are likely to depress mood in the long term. 30 Recent studies suggest that chronic opioid therapy might increase risk for incident, recurrent, and treatment-resistant depression. 31, 32 
Strengths and Limitations
Strengths of the study include the presentation of national population-based data trending over an extended 16-year time frame and a focus on 2 issues of public health importance: suicide and adverse outcomes related to opioids. To our knowledge, national trends in rates of suicides involving opioids have not been reported previously.
Limitations of our study include those inherent to the use of death certificate data and their indirect determination of suicidal intent. Limitations also include individual and state-to-state variability in completion of death certificates, including variability in substances tested for and circumstances under which tests are performed. There are several potential sources of misclassification. Some accidental or unintentional deaths involving opioids might actually have been intentional. In addition, it is possible that opioids contributed to some suicides but were not tested for or noted on the death certificate. Using probit regression models to account for poisonings in which no specific drug was identified on death certificates, Ruhm estimated the proportion of intentional deaths with opioid analgesic involvement to be 52% higher in 1999 and 40% higher in 2012 than reported. 33 In our analyses, approximately 6% of suicide deaths between 1999 and 2014 included only unspecified drug poisoning as a cause of death; some of these may have included opioids. Heroin deaths have the potential to be misclassified because morphine is a metabolite of heroin. 34 Heroin deaths therefore might be underestimated, although this should be constant from year to year. Reporting bias is unlikely to account for our findings. It is doubtful that knowledge about the current prescription opioid epidemic significantly increased the inclusion of opioids on suicide death certificates, because the greatest increases were observed prior to 2009, before the extent of the opioid epidemic was fully appreciated. We were unable to determine the source of opioids (prescribed or illicit) used in suicide, or how long (if at all) individuals were taking opioids regularly prior to death. We were also unable to account for relevant clinical variables (e.g., chronic pain, psychiatric disorders) that may increase risk for suicide and risk for death by overdose. However, because restriction of access to lethal means reduces suicide rates, 6 the accessibility of opioids should be considered an additional risk factor for those already at high risk for suicide.
Conclusions
In conclusion, this study demonstrates increasing rates of opioid involvement in suicides. Given the high prevalence of chronic pain and mental disorders among individuals receiving prescription opioid therapy for pain, these data underscore the need for health care providers to assess for new and recurrent suicidal thinking in patients receiving opioids. Future studies should examine clinical variables associated with the use of opioids in suicide and mediators and modifiers of suicide risk among individuals receiving opioids. 
HUMAN PARTICIPANT PROTECTION
This study used publicly available, de-identified National Vital Statistics data and was exempt from the need for protocol approval.
